A series of 2-amino-4-aryl-4H-1-benzothieno[3,2-b]pyran-3-carboxylates and 2-amino- 
Introduction
Substituted 2-amino-4-aryl-3-cyano-4H-pyran derivatives are very important heterocyclic compounds, which frequently exhibit a wide range of biological activities, such as antiproliferative 1, 2 , antibacterial 3, 4 , antitubercular 5 , antioxidant 6 , analgesic 7 , antiparkinsonian 7 , and anticancer 8, 9 activities. In addition, they are useful starting materials for the synthesis of various fused heterocyclic compounds 10 . Due to the large spectrum of applications, 2-amino-4-aryl-3-cyano-4H-pyrans have attracted much attention from researchers in the last few years. Recently, a number of different methods have been reported for the synthesis of 2-amino-4-aryl-3-cyano-4H-pyrans, such as multi-component reactions 10 . In view of the fact that thioaurones have been known for a long time 11, 12 , a literature study shows that research has focused primarily on their synthesis [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . The reactivity of these molecules has been the subject of only a few studies [25] [26] [27] [28] [29] . In our research [30] [31] [32] , we aim at developing simple and efficient methods and techniques for the synthesis of heterocyclic compounds. Furthermore, the present study is based on the reactivity of (Z)-2-benzylidenebenzo[b]thiophene-3(2H)-ones (thioaurones) and derivatives such as α,β-unsaturated ketones with activated methylene compounds such as malononitrile and ethyl cyanoacetate.
Results and Discussion
The (Z)-2-arylidenebenzo[b]thiophen-3(2H)-ones (4) are synthesized by condensation of p-substituted benzaldehydes with 3-acetoxybenzothiophene (3), which itself is obtained in good yield by the Rössing decarboxylative condensation 33 of 2-[(carboxymethyl) sulfanyl]benzoic acid (2) . The latter was synthesized from thiosalicylic acid (1) and monochloroacetic acid (Scheme 1).
Scheme 1. Synthetic pathway for the preparation of compounds (4).
The activated methylene compounds, containing electron-withdrawing groups, such as malononitrile, ethyl cyanoacetate and ethyl malonate react with α,β-unsaturated ketones by Michael addition reaction [34] [35] [36] . In this study, we have investigated the behavior of ethyl cyanoacetate and malononitrile with respect to the (Z)-2-benzylidenebenzo[b]thiophen-3(2H)-ones and derivatives (4) in ethanol in the presence of piperidine as a basic catalyst.
Scheme 2. Synthetic pathway for the preparation of compounds (7).
We have shown that cyclocondensation starts with a Michael 1,4-addition, followed by intramolecular cyclization via nucleophilic addition of the hydroxyl group to the cyano group, and not onto the carboxylate in the compound 5, to afford the tricyclic heterocycles 2-amino-4-aryl-3-cyano-4H-1-benzothieno[3,2-b]pyrans 7a-7e and 2-amino-4-aryl-4H-1-benzothieno [3,2-b] pyran-3-carboxylates 7f-7j, respectively, in good yield (Scheme 2, Table  1 ). Table 1 . Physical properties data of compounds 7a-j. The structure of the resultant product was assigned by FT-IR and 1 H NMR, 13 C NMR spectral analysis and confirmed by single crystal X-ray diffraction analysis of 7j (Fig. 1) .
The IR spectra of the synthesized products manifest absorption bands of deformation and stretching vibrations of the amino group (NH2) at 1631-1656 and 3302-3489 cm -1 , respectively. The absorption band of the cyano group (CN) at 2121-2193 cm -1 confirms the presence of the cyano group conjugated with the amino group in pyran rings. The absorption bands of the carbonyl groups are observed at 1650-1673 cm -1 . The 1 H NMR spectra of compounds 7 show a slightly broadened signal for the primary amino group at δ 6.53-7.31 ppm, and a singlet for the methane group adjacent to the aryl group is observed at δ 4.98-5.28 ppm. The usual signals due to the benzothiophene and aryl fragments appear at δ 6.77-8.45 ppm. In addition to the signals corresponding to the aliphatic group, the 13 C NMR spectra present a signal at 169 ppm, attributed to the carbon of the carbonyl group. The other signal is attributed to the carbon of the cyano group (CN), which appears at 119 ppm. The problem of the structural assignment was solved by means of an X-ray crystal structural determination ( Fig. 1) , thus confirming the structure of ethyl 2-amino-4-
37 . Yields, molecular formulae, and some physical properties of compounds 7a-j are summarized in Table 1 . Figure 1 . Ortep view of the compound (7j) with displacement ellipsoids drawn at the 50% probability level.
Conclusion
In summary, we have developed a simple and regioselective method for the preparation of 2-amino-4-aryl-3-cyano-4H-1-benzothieno[3,2-b]pyrans and 2-amino-4-aryl-4H-1-benzo thieno[3,2-b]pyran-3-carboxylates, by condensation of active methylene (ethyl cyanoacetate, malononitrile) to thioaurones in an alcoholic solvent medium, using piperidine as a basic catalyst. The products were obtained in excellent yields. The study of the biological activity of the synthesized products will be the subject of a future report.
Experimental Section
All melting points were determined using a KOFLER Bench apparatus and are uncorrected. IR spectra were recorded using a FT-IR VERTEX 70 spectrophotometer. The NMR spectra were recorded at ambient temperature on an AVANCE 300 BRUKER spectrometer working at 300 MHz and 75 MHz for the proton and 13 C, respectively, with CDCl3 and DMSO as solvent. The chemical shifts (δ) and coupling constants (J) are given in parts per million (ppm) and Hertz (Hz), respectively. Multiplicities were recorded as s (singlet), br.s (broad signal), d (doublet), dd (double doublet), t (triplet), q (quartet) or m (multiplet). All the reactions were monitored by TLC, which was performed on Merck aluminum-backed plates pre-coated with silica (0.2 mm, 60 F254).
For column chromatography, Merck silica gel (70-230 mesh) was used. Reactions involving anhydrous conditions were conducted in dry glassware under a nitrogen atmosphere. The numbering of the hydrogen and carbon atoms applied in scheme 2 is in accordance with the IUPAC nomenclature.
Synthesis of 2-[(Carboxymethyl)sulfanyl]benzoic acid 2
To a solution of sodium hydroxide (0.25 mol) in water (250 ml) was added thiosalicylic acid (0.065 mol) and monochloroacetic acid (0.065 mol). The reaction mixture was refluxed for 4 hours then on active carbon (1g) for 10 min. The mixture was filtered, and acidified with concentrated hydrochloric acid. The precipitate that formed was collected by filtration, washed with water, and recrystallized from ethanol. Yield: (77 %) as a white solid, mp. 210 °C.
Synthesis of 3-Acetoxybenzothiophene 3
A mixture of acetic acid (20 ml), acetic anhydride (80 ml) and 1 (0.05 mol) was heated for one hour. The excess of acetic anhydride was removed under reduced pressure. Then, the reaction residue was washed with water and extracted using hot ethyl ether. The organic layer was dried over Na2SO4. The solvent was removed, and the crude product was purified by column chromatography on silica gel 
General procedure for the synthesis of benzothienopyran and derivatives (7)
In a 100 ml flask equipped with a condenser, arylidenes 4 (4 mmol) and ethyl cyanoacetate (5 mmol) or malononitrile (5 mmol) were dissolved in ethanol (30 mL). Then, piperidine (1 mL) was added, and the reaction mixture was refluxed. Thin layer chromatography revealed the formation of a single product. The organic phase was evaporated under reduced pressure. The resulting residue was recrystallized from ethanol. -3-cyano-4-(4-chlorphenyl)-4H-1-benzothieno[3,2-b 
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